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& BS &ZSSmte&& BSi . . of claims in the 

application: 

^ the microchannel, the microchannel 

substrate to the fluid disposed within the microcna™ 

configured to provide flowof the fluid therethrough; 

figured to provide flow of the fluid therethrough and the 
a heat exchanger configured to proviu* 

transfer of thermal energy out of the fluid; 
flow of the fluid; and 



3-30 PAGE 5/42 RiBb*"* 

wo ^ le canylo - at L io/*/o4 3.30 
2.-1 14. (canceled) 

. , to a h eat-generating device in a 
A beat exchanger connected to a new g 
,15. (previously presented) ^ a fluid having a liquid phase, 

comprising: thermal conduction 

karate fabricated from a material selected for *s therm* 
a substrate fabricate* ^ ttothe ^-generating device; and 

^ability and adapted to connect to the heat gen«=™ 

4 thmuszh the heat exchanger vmerem 
as the fluid is pumped through tn 

. , elected to minimize the temperature 
a^gement of the microchannel » selected 

differences across the heat-generating device. 

^ The heat exchanger connected to a heat-generating device of 
116 . .previoualy presented) Then ^^^of 
clai m 1 1 5 serein the substrate material selec^ ^^er 



IS 



connected- 



to a heat-generating device of 
, The h eat exchanger connected to a neat g 
117. (previously presented) The heat a n Witv of thin metal sheets, 

^ v.^«t K material is selected from a plurality oi ui^ 
claim 115 wherein the substrate material 

or a carbon-fiber composite, 
or . ,mcon Uo«r •»> • ^ OT ' ° OTm " ! ' OT 
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' ^ , to a heat-generating device of claim 

119 (previously presented) inen^ 

120 . (previously presented^ ^ ^ devi6C by a 

115 therein the substrate is connected to 

thermal attach material. 

^ , to a heat-generating device of claim 
121 (p^ouslypresented.Theheatexchangerconnecte^ - 

122. (previously presented) The ,_- ce ^fabricated from silicon. 



t. and the heat-generating device are 

115 wherein the substrate ana m 



The 



heat exchanger connected to a heat-generating 



device of claim 



123 . (previous* Pre— ^ a ^ is fabricated ^ sihcon and the substmte « 
115 wherein the heat-generating device 

fabricated from a metal. 
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ted , heat exchanger connected to a heat-generating device of claim 
m <previousl y , — * ^ ^ ^ .to the - 

115 wherein the substrate former omp 

, ,» th, bea. connect to a beat-se^S ° f 

1 15 wherein the substrate comprises at leasi 
to a single layer. 

,26. (ptcvio^P-^Theh^^^ ^^^^lafom-edin 
„5 wh^ *c «**~ co^ «1— • - *° 
more than one layer. 
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^ The neat exchanger connected to a heat-generaung device of claim 

125 wherein the at least two layers are fabncaiea 

• we ldins soldering, cutectic bonding and adhesive bondmg- 
of ihe following: welding, soiow"*. 

The b« ~c>,»g» oencc.^ » a heat-g^g levic* of cla*. 
us ^ - sJli g*Ifcs^~<'~» — m 

™ „ „ « C ^cr connect to a ° f ^ 

measure an* «■» MMM * * 8 P°" 4mme 
^tfuam-rerere,*"-" ^^^^^h^l^^ 

^ prevldiag . -Wvtag vol*. . • POW- — 
electioosmotic pump. 

. ™ted)Theheatex^ 
l3 l. (previously presented) The ^ m &e layer of d.e substrate that is in direct 

U8 wherein the microchannel is deposed in the layer o 
contact with me heat-generating device. 

Theheat exchanger connected to a heat-generating device of claim 
«. (previously presented) Theheat exchang ^^^^ 

1 , g wherein the plurality of layers compnse a bottom layer, at 
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132whereh.thefc<>«omUyert.r»mcatedtro 
or aplastic. 

. , to a hea t-generating device of claim 
134 . ^.y I -e«« I ,^''•«'« dM8KCOnn ~ ,e,, 
„ wherein the ho«om hry«r U fchnc** *om 

_*«d to a heat-generating device of claim 
„ 5 ^onatyr-e^Theheme^coo^c^ahe. 

,33 eriMfe the bodom lay- h *>» Kovor. 

ted) The heat exchanger connected lo a heat-generating device of claim 
132 whewin the at teat o~ muMta layer to iantea 

_, „ . hart-aenerating device of claim 
1J7 . Coreviouaiy ore^t^ The he* e~ — » "~" 
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_ T ^^.rim; device of claim 

„ g . ( ^o^P«^^» < = ,Mnge^COm,eC,ei,0 . 

t heat-generating device of claim 
U5 ft. — ~— **» * ^ 

140 . (c™^".^)^"^ _^ lMi ^.^^ 



system 



the heat exchanger operates using 



comprising: thennal conduction 

a ^trute fabricated from a matenal selected to 

g^^^), il,p hrnt exchanger, and 

device of claim 



♦ ^ The heat exchanger connected to a heat- 
140 wherein die substrate matenal is seiecw** 
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devi6e to which the heat exchanger 
*ermal expar*ion coefficient of the heat-generatmg devic 

is connected. 

. , to B h eat-generating device of claim 
t>,« "heat exchanger connected to a ncm & 
142- (previously presented) The ^ a plurality of thin metal sheets, or a 

M0 wherein the substrate material is selected from ***** 

, laver or a ceramic, or a carbon-fiber compose, 
silicon layer and a glass layer, or cerarm 

hEmBer connect ed to a heat-generating device of claim 
143 (r^eviously Presented) The heat exchanger connec 

^wl^^substratec^^apl^tyofla^. 



ejected to a heat-generating device of claim 
different materials. 



144. (previously presented) The heat exchanger 

143 wheremthepluraUty of layers comprise « 

^ 4r ^-mtine device of claim 
, ^ted) The heat exchanger connected to a heat-generahng devr 
145. (previo«slypresented)The ^ of Ae ^-generating device hy a 

140 wherein the substrate is connected to a surf 
thermal attach material. 

x. trails a silver-fflledepoxy or solder. 
145 wherein the thermal attach material is a silver 
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140 wherein the heat-generating device is fabrica 
fabricated from a metal. 

device of claim 



. ~ _ v-eat -xchaneer connected to a heat-j 
149 . (previously presented) The heat exchanger -^^ed into the heat 

u K^e further comprises a thermometer integrated mto tne 
140 wherein the substrate runner """H 



150. 



ted , ^ cheat exchanger connected to a heat-generating device of claim 
(previously presented) The heat ex hanger ^ el fc ^ed 

, 40 wherein the substrate comprises at least two layers and the mtcroc 
to a single layer. 

t«n The heat exchanger connected to a heat-generating device of claim 
151. (previously presented) The heat exenu^ 

• ~ «t least two layers and the microchannel is formed in 
150 wherein die substrate comprises at least two layers 

more than one layer. 
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152. (previously presented) The heat exchanger connected to a 



device of claim 

fabricated from silicon and glass and are bonded 



150 wherein the at least two layers are 
W . of ~ ^ ^ ^ ^ 



- device of claim 



153. 



154. (canceled) 

-~i„ occo^iaied with the high ratg 
and providing a driving voltage to a power supply associated with 

electroosmotic pump. 

14 , wh ^ *. disposed in tbe tayer — 



contact with the heat-generating 



device. 



— — — -— 
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«*ed to a heat-generating device of claim 

157 . ^^--^-^^ JZZ^^ 

different material. 

«■ ~ .IT-*-.— 

157 wherein the bottom layer » fabricated no 
or a plastic. 

160 - — — — — — 



, The heat exchanger 

161. (previously presented) me n 



connected to a heat-generating device of claim 
^whereinthe*™ 

^ ^e heat exchanger connected to a neat-generating device of Cairn 
162. (previously presented) The heat excnan B 

-^i-iaveriafiibricatedfromametal. 
157 wherein the at least one middle layer is fabnea 
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. _ a >, eat -seneratine device of claim 
i The heat exchanger connected to a heat generating 
163 (previously — > 

l57 whe« i n*e»P^»V» i • fi * ri ~ ttd,i0,n,,!te,0 ' a, " ,rtC • 

,^ A be., eichmser for the transfer of heat fiom a heat-eeaeruiag 



7\L~ from . » -- — — — ' 

multi-layer substrate tannest 

,og«he, and attached to tbe hee.-Ecneratmg device; and 

— . *. — — *— " ^ 

-cross the heat-generating device. 
minimize the temperature differences across in 

_ V „ t 0 f claim 164 wherein 
^ The heat exchanger for the transfer of heat of ciaun 

- ^r:: — 

than other regions. 
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« tended) A beat exchanger for die transfer of heat from a heat-generating 
166. (currently amended) ^ t es using a fluid having a 

a multi-layer substrate laoncmc" 

together and attached to the heat-geoeraliiig device; and 

^ e^ to to. fltod a. to. »*> i. putoped totou*toe,to.< 

BldMl e M ,totoo n . 1 e,«postoO M d«.»d.ofto.«»»toce ta n gW . 

,. for . hea emitting device, toe cooBng ayattm 

,<S7 (currenfly amended) A cooling system for * n*** 

' ^n^aHtod^a^P^^^^"^ 

. Mbs0 ,to toctodto. at least a portion of a — , 

^^•edtop,^-""-"-^^^^ 
^^^^ortoertoto^^lhe^er^tonsdevtoe 

to to. «*«toto. — -~ ° f ^ *" 

^ to toe fluid dfcpcaed -itmn to. — — . * — — 
confix to Ptov* flow cf to. «tod toereauouan - - 

1 .-o «.i«>cted to minimize die temperature 
arrangement of the microchannel is selected to itunimi* 

differences across the heat emitting device; 
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-„_. of ^ fluid therethrough and the 
a heat exchanger configured to provide flow of the 

t^nsfer of thermal energy out of the fluid; 

. „ ntVrltT flow of die fluid; and 
h^o^a.truid pump for creating the How 

^ ^ cmH the Quid pump are configured to 

the substrate, the heat exchanger, and the fluid pump 

together to create a closed loop fluid flow. 



a 

wherein 



, euted) The cooling system according to claim 167 wherem the fluid 
!«. (previously presented) The co g ^ ^ ^ fluid fc 

ptt xnp is disposed between the heat exchanger and the 

,. avstem according to claim 167 wherein the 
- 1 ^nte* The coohng system accoKtme 

^^noc. ^» a P-^ of — * 

- i ♦ „^nn and a common outlet portion- 
subchannels sharing a common mlet portion and 

_ i69 further including a 

^^^^ 
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r <, svstem according to claim 167 wherein me substrate 
is comprised of a plurality of layers, and whereur least 
fonned within both a first and a second layer. 

" ^ ^ ^ system according to claim 167 wherein the substrate 

- r= —rrrrz: 

tt to to « *— - — * - * port " ,n ° f ^ 

within only the first layer. 

r *v»tem according to claim 167 wherein the heat 

m ^ — ^^L. 

emitting device is comprised of a plummy 
disposed between the plurality of integrated circuits. 

ted , ^ ^ system according to claim 1 67 wherein the heat 
175. (previously presented) The coohng sys 

density than other regions. 

„ — — — «-—.--'»'—'—- 

^er U«.»a M . |M of «M — — — — • 



A ^*""*" _ — .«,«JL— — — ' 
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t _ _ cooling system according to claim 176 wherein the 
177 (previously presented) The cooling 

of verttad iawcon^c* P~vido . porfo. of « .to*™* 

portion of the heat emitting device, 
interaction is an electrical interaction. 

of the substrate. 
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. wherein Hie another 

MM *«»m according to claim 17* wncivul 
t„ ««^mtedi The cooling system accoiuuus 

interaction is one of pressure, souu 



field. 



179 wherein the opening is 
created by a surfi.ce area of the substrate that contacts a correspond** 
^ D eingsmauerthanme«^ 

^ The cooling system according to claim 167 wherein a portion of 
184. (previously presented) The cooung sy» 

the microchannel includes: 

an upper chamber, 

a lower chamber, and 

* the uooer chamber and the lower 

a plurality of subchannels disposed between the upper 

t „*> the subchannels is selected to 
chamber wherein me arrangement of the suhc 

-doss the heat emitting device. 
minimiz e the temperature differences across trie 

* ^rdina to claim 167 further including a 
l8 5. (previously presented) The cooling system accordmg to 



pressure sensor. 
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.„ further including a 

186 . (previously presented) The c^nng ^ accords to c^aun 167 

temperature sensor disposed within the substrate. 



according to claim 186 further including a 
inputs signals from the temperature 1 



187. (previously presented) The cooling system 

. . : _i„fi«m the temperature sensor. 

temperature control circuit that receives . 

apnmfifll , to claim 167 wherein the 
1 ««.«^ted1 The cooling system accordmg to 
189. (previously presented) ^ - _ ae 

surface area contacting me fluid. 

190 . • — — 189 ^-p- 

• ™rised of a roughened portion of a microcharmel wall, 
blocking structure is compnsea 01 a 

t - -o cooling system according to claim 189 wherein the partial 

191. (previously presented) The cooling »y» 

blocking structure is disposed withm me microchannel. 
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The cooling system according to claim 167 wherein the heat 
192. (previously presented) The coohng ysx 

^ -«himlitv of regions with several regions having a wbm~ 
emitting device includes a plurality or reg«*u» 

density than other regions. 

A cooling system for a heat emitting device, the cooling system 
193. (currently amended) A cooling sysi 

opemtmgusmg rf . ^^el disposed merem, the 

a substrate mclodmg at least a pomon 

„ adapted to physically connect to the heal ^ 
^ ft, a- of ft— ~ - 

— » a. « d*»~. -ft* <- *■ miOTCtom " 1 

^...fi^ «, provid. flow of ft. fWd ftttroftrougb; 
w h^ at « — - - — - " "^"^ 

^ to s^. ft. ~ - *° — " ""^ 

openue together <o cr-te • clced loop fluid Bow. 
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^ ^ coo** — — * - — W * 
. ^mosed between the beat excu^a 

fluid is pumped into the mtcrocharmel of the 

« nB to claim 193 wherein the 

. , des a Plurality of parallel subchannels, eac 
^channel mcludes pi * — ^ 

Channels sharing a common mlet portion and 

RVStem according to claim 195 further include a 
- , -^Mu^tedl The cooling system accoiw«6 

tOTpmmre MKI ci^u,. *- «— a& inputs signal* 
i, ^mpri^d of "Pteality of toy« re .««l''>«™ n 

. 10 * wherein the substrate 
^ cooling system according to chum 193 wherem 
199- (previously presented) The cooUng y» ^ 
i3 comprised of a first layer and a second layer, the first layer 
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„ at least a portion of the micmchannel is formed 

to the heat emitting device, and ^herem at least 

within only the first layer. 

a to c iaim 193 wherein the heat 
t«n The cooling system according to cuum 
200. (previously presented) The co ung ^ ^ substrate is 

^tting device is comprised of a plural of mtegrated enc 

r svstem according to claim 193 wherein the substrate 
201 . (previously presented) The coohng system accordmg 

claim 201 wherein the 
«. coo** _ — in* - — 201 ^ - 

. -v^dinn to claim 193 *tereiB the Mb""" 

portion of the heat emitting device. 



V/oinbie 



/M 3 30 PAGE 25/42 Ri^FaX 



APPl" ^Sfsitem^ 23, 2004 



205. 



an 



electrical interaction. 



206. 



ft—*—* " .^.r*.*--.<*'*••- , --'-• 

.-^•^^-^•"■^■ 4l- . -f « 1 *^.».-•- 
,«*«r connect »** «— *- 

of the substrate. 

^ TO coo** — — « «» — 204 - ^ 

interaction is one of pressure, souna, 
field. 

, . 9 OA W herein the opening is 

created by a surface area of the substrate that co 

creawu uy _ Q fthe device. 

*r a^aratus connected to a semiconductor heat 
A thermal transfer apparatus com«~ 
209. (currently amended) A a bqmd 

— ce^ce, the thermal transfer apparatus operatms nam, 

phase comprising: 
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« ~™ect to the semiconductor heat emitting 
a substrate adapted to physically connect to 

device; 

a plurality of fluid inlets disposed in the substrate; 

„iundity of fluid outlets disposed in the substrate; and 
aplurahtyof ^ ^ ^ plttt ahty of fluid inlets and the 

a plurality of micxochannels co -^^^ thereby providing 

pto ahty of fund outlets, ^Plurality of nncrocbannels thereby pxovi 

: fluid flowpathsiand 



90 



210. (canceled) 



. lVri oin 209 further including a 
a The aooaratus according to claim 3*» £22- 
211. (currently amended) The apparatus to ^ plurality of 

„„, resnectivery located m proximity w 
pl^ty of temperature sensors respccU e!y 

^crochannels, such that each of the temperature sensors detects 
nucrochanne temperature sensor, 

^tedbymeheatennttmgdevicemproxrnnt^ 

, ^ed) The apparatus according to 211 - 
212. (previously presented) The spparaius ^ 

^ to the Plurality of temperature sensors, the comro 
circuit electrically connected to the pluramy 
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inputting signals from the plurality of temperature sensors and providing a control signal 
for controlling the fluid pump. 

213. (previously presented) The apparatus according to claim 212 further including a second 
fluid pump, such that the first fluid pump pumps the fluid through one microchannel and 
the second fluid pump pumps the fluid through another microchannel and wherein the 
control circuit controls the first and second fluid pumps, the control circuit being capable 
of independently controlling the pumping of fluid through each of the first and second 
fluid pumps. 

214. (currently amended) The apparatus according to claim 2H> 209_furfher including: 

a plurality of temperature sensors disposed within the substrate, such that a first 
temperature sensor detects thermal energy generated by the heat emitting 
device in proximity to the first temperature sensor and a second 
temperature sensor detects thermal energy generated by the heat emitting 
device in proximity to the second temperature sensor; and 

a control circuit electrically connected to the first and second temperature sensors, 
file control circuit inputting signals from a first and second temperature 
sensors and providing a control signal for controlling the fluid pump. 
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216. 



operates to sense a ] 

„ aMmdim to claim 215 wherein upon sensing the 
(previously presented) The apparatus accord** 

« - .cereal of the fluid flow for a period of tone, 
condition, the control circuit causes a reversal ot tne 



, The apparatus according to claim 21 5 wherein the control circuit 
217. (P^ousiy _ T* apparatus 

detects a change in temperature over a period of tone 

- „ tn Haim 209 further including a plurality 
218 . — — ^ plurality of 

beat emitting device io pforittdty to said each temp****** 1 ® sensor. 

^ « « «ow io on. tnic^e, occera in . — — 
another micfocbannel. 
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. . 209 wher eiii a first microchannel 

.tevic and asooond -»>ci« tomd " **° 

teg) Hie cooling ayatem according to claim 209 wherein the substrate 
22! (previously presented) The coouns 

. electrical interconnects. 

222. • ^ - — ^rrTLic- ~n~don - -*~ 

^« B .pl»nflityof«an^»»««»«'»» -» 

includes an opening through win 
portion ofthe heat emitting device. 

r -tern according to claim 223 wherein the another 
224. (previously presented) The coohng system -o 
interaction is an electrical interaction. 
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^,4. wherein the electrical 

of the substrate, 
field. 

a vertical column having enclosed sidewalls. 

Mtrm -ccoKfing to claim 209 wherein a portion of at 
228. (previously presented) The coohng system according to 

least one of the plurality of nncrochannels includes: 

an tipper chamber; 

a lower chamber; and 

. ptoaiity of • ^ «— «" — — ^ ^ ^ 

chamber* 



229. (canceled) 



